Porcine tracheal rings and lung explants alone and in combination with monolayer cultures of porcine lung fibroblasts (PLF) were separately inoculated with virulent strains of Mycoplasma hyopneumoniae and incubated at various times. The preparations were observed by bright-field, phase-contrast, and scanning electron microscopy. In PLF cultures, the strains at initial concentrations of 10'3 colony-forming units/ml increased within 3 days to 106 colony-forming units/ml, showed progressive clustering on the cells, and caused some sloughing. Introduction of a tracheal ring or lung explant into these mycoplasma-infected PLF cultures caused the explant to lose its epithelial ciliary motility. Eventually parts or whole cells of the respective ciliated epithelium were lost. Without infected PLF monolayers, the explants inoculated with M. hyopneumoniae were less susceptible to infection. When uninfected explants were incubated for 18 days or kept in stock for 2 months, they did not show the above changes. Within 5 h postinoculation, M. hyopneumoniae cultures became intimately associated with the PLF culture, but when epithelial cell sloughing occurred, the mycoplasmal cells became dependent on the introduction of a fresh PLF monolayer or a tracheal or lung explant for survival.
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Mycoplasmas spp. are associated with a variety of diseases in animals (1) . In swine, the primary cause of pneumonia is Mycoplasma hyopneumoniae (15) . Clinical features of the disease were characterized by Betts (2) , and many investigators have later concurred with his description of the disease (15) . Electron microscopic examination of lung tissues removed from infected pigs over an extended period of time revealed mycoplasma-appearing material in close proximity to cilia of bronchial epithelial cells along with decreased numbers of cilia (11) . However, further characterization of various degenerative stages of the disease is needed because secondary infections with bacteria, viruses, other Mycoplasmas or nematodes commonly occurring in the host in field cases of the disease may alter the tissue response and result in more severe morphological changes (14) .
Because M. hyopneumoniae primarily interacts with the host on the ciliated epithelial surfaces of the respiratory system, further study is indicated (11) . The (Table 1) . PLFs were heat inactivated at a temperature of 56°C for 30 min. All explants were observed for cilial movement by use of an inverted-light microscope. Tissues were examined by scanning electron microscopy and for histopathology. The above experiment was repeated in tests to determine M. hyopneumoniae titers during the incubation periods.
Sterility tests (thioglycolate broth and blood agar plates) were conducted periodically during these experiments. The cultures were also examined for contaminating wild mycoplasma strains in modified Friis broth medium. The broth medium was subcultured to agar medium after 4 to 7 days of incubation, and the latter was examined for colonies after 1 week.
Tissue culture. Primary cultures of fetal PLF were prepared by standard methods (5, 20) , CSM was used as a growth medium in tissue culture flasks. Subcultures of the monolayers were dispensed into Leighton tubes and grown on coverslips (11 by 35 mm) covered with CSM.
Histopathology. Tissue samples were removed at the above incubation intervals, fixed in 10% buffered neutral Formalin, and embedded in paraffin. Tissue sections 5 to 7 ,um thick were cut and stained with hematoxylin and eosin.
Electron microscopy. Explants of TR and L were washed three times with 0.1 M phosphate-buffered saline, pH 7.2, and fixed in 3.0% paraformaldehyde in phosphate-buffered saline for 1 h at room temperature. The specimens were washed in phosphate-buffered saline for 12 h and dehydrated through 25, 25 to 50, 75, 85, and 95% and absolute (four times) acetone solutions at 15-min intervals. The specimens were dried in Freon 13 (monochlorotrifluoromethane) and attached to aluminum-mounting specimen stubs with silver-print conductive paint. The treated specimens were coated with gold to a thickness of c40 nm in a vacuum evaporator. The coated samples at a stub angle of 450 were examined in a Stereoscan scanning electron microscope operated at 20 kV. The images were recorded on Polaroid positive-negative type 105 film.
RESULTS
Porcine TR and L epithelial surfaces. Uninfected (control) TR and L cultures showed luminal surfaces with folds comprised of homogenous mosaics of ciliated respiratory epithelial cells ( Fig. 1 and 2 ). Cilia from 4.5 to 5.0 ,um long were uniformly positioned on the epithelial cells. These cilia were slightly curved and arranged parallel to each other (Fig. 3) . Occasionally nonciliated areas were observed with microvilli on the apical regions of goblet cells (Fig. 4) A. Uninoculated control (Fig. 5) . Prolonged incubations of TR and L cultures gradually deteriorated the luminal surface, with some loss of epithelial cells (Fig. 6) . In histological preparations, small smooth-surfaced aggregates of ovoid-to-rounded bodies were observed on the TR and L luminal surfaces and in the deep recesses between cilia in lobar and proximal bronchioles. These mycoplasma-appearing bodies varied in size from approximately the same diameter as the cilium to several times larger. Sometimes these rounded bodies appeared in close contact with the epithelium and the bases of cilia (Fig. 6) .
Comparisons of other M. hyopneumoniae strains with strain ATCC 25617 showed that strains NU-16, B245, and NADC-2069 were similar in virulence. No strain showed sustained growth in CSM in the absence of a TR or L explant or a PLF monolayer.
Histological observations of TR and L explants. In TR and L cultures of uninfected (control) cultures, the lumens were uniformly lined with ciliated pseudostratified columnar epithelial cells. In the larger airways (>700 ,um in diameter), a few goblet cells were present, and cell surfaces were free of cilia. Tissues lining the lobar and proximal bronchioles (c700 jum in diameter) consisted of many ciliated and some nonciliated areas with microvilli.
In the infected TR and L tissues, all lesions were limited to the epithelial layer and were seen on day 18 of incubation (Table 1, group D) . Some of the epithelial cells of both TR and L cultures were free of cilia and sometimes appeared swollen, whereas others had lost some of their cellular materials (ciliocytophoria). In extreme cases, some of the epithelial cells free of cilia sloughed from the basement membranes. At no time did any of the preparations show disruption of the basement membranes or alteration and impairment of the lamina propria cells. M. hyopneumoniae strains NU-16, B245, and NADC-2069 showed cytopathological changes comparable to those observed for strain ATCC 25617.
Infected PLF. As early as 5 h, PLF monolayers inoculated with M. hyopneumoniae showed single coccoid organisms and clusters of mycoplasma-appearing materials in close proximity with the cell sheet. Some damage to the cell sheet was observed after 3 (Table 1 , groups G and H). Small coccoid organisms deeply stained as single particles or in clusters were on the exposed glass surfaces and on some of the epithelial cells attached to the glass substratum. Monolayers of PLFs introduced on day 3 showed increased mycoplasmal damage to the PLF monolayers on day 6 of incubation. Small, deeply stained coccoid organisms and "ring" forms were observed on the sloughed cells. Some of the attached epithelial cells in the remaining monolayer had long, thin cytoplasmic processes that sometimes showed clusters of coccoid organisms. On days 9, 12, and 18, observations were similar to those seen on day 6. In addition, on days 12 and 18 cells showed deeper stained nuclei, and the cytoplasms were vacuolated and more granular in appearance than the controls.
Titers ofM. hyopneumoniae were between 106 to 107 colony-forming units/ml from days 3 to 18 of incubation. The uninfected controls through all incubation intervals showed intact cell sheets, and cells showed none of the cytopathological observations described above for infected PLFs. DISCUSSION Ciliated pseudostratified columnar epithelial cells of the trachea and lobar and proximal bronchioles, combined with mucous secretions and alveolar macrophages, play important roles in removing various inhaled particles and diseasepromoting organisms from the respiratory system (1, 8, 17) . Normal cilia of the tracheobronchial tree have a gentle curvature and lean toward the larynx (8) , which is taken as evidence of directional ciliary beating for facilitating airway clearance. If these cilia were disrupted, then efficiency in clearing the airways would be impaired. Therefore, as noted by its cytopathological effects, M. hyopneumoniae in this regard would be detrimental to the host. This organism is unique in that it is the only agent that, when inoculated into pigs, will produce porcine enzootic pneumonia (15) .
The results indicate that a relatively low inoculum of M. hyopneumoniae free of other microorganisms causes in vitro focal damages to tissues of the porcine respiratory system. The organism probably induces loss of cilia through elaboration of an enzyme(s) or toxic substance (7, 16) . Once cilia have been lost, the organism could localize as a result of the diminished protective movement of the mucous blanket and allow adhesion to the fixed parts of the respiratory cells (4 Cytopathological effects of M. hyopneumoniae with porcine TR and L cultures resemble those of the human respiratory pathogen Mycoplasma pneumoniae with hamster tracheal organ cultures (7, 10) . At present, we do not specifically know how M. hyopneumoniae causes cytopathological effects. The organisms may cause an effect by producing a toxic substance, by parasitizing and destroying the cells, or by competing with the organ cultures for nutritional materials. It appears unlikely that these effects were due to release of PLF cellular constituents or to medium fluctuations in pH and NaCl and serum concentrations, since we have found TR and L explants to be relatively resistant to culture conditions (17, 19) . However, cilia of the explants are quite sensitive to redox potentials (Williams, unpublished data). With some strains ofM. hyopneumoniae, no apparent cytopathological effects occur in porcine TR cultures and in porcine kidney primary tissue cultures (12, 13) . In in vivo situations, M. hyopneumoniae causes specific damage to the respiratory ciliated epithelial cells by decreasing the numbers of cilia (11) . Virulent strains of M. hyopneumoniae used in our investigation have been recently shown to cause pulmonary lesions in hysterectomy-derived pigs, and all strains appear to be immunologically similar (Williams, unpublished data) .
The development of techniques for the maintenance of TR and L organ cultures for -2 months (19) in order to study mycoplasma-induced disease processes results in obvious advantages over in vivo systems and should lead to their widespread use, such as for the isolation and growth of various respiratory tract viral, bacterial, and yeast pathogens (9, 18 
